The aim of this study was to investigate the epidemiological characteristics of low-voltage electrocution deaths in Guangdong, China. Three thousand three hundred seventy autopsy reports from the Department of Forensic Pathology, Zhongshan School of Medicine, Sun Yat-Sen University, over a period of 10 years (2001Y2010) were reviewed, of which 71 low-voltage electrocution cases were identified. The descriptive statistical analyses were carried out with the application of SPSS 19.0 software. Electrocution accounted for 2.11% of all autopsied cases. The age range was 3 to 57 years with a mean age of 31.77 T 11.0 years. The average age of male victims was 33.08 T 10.77 years, and that of female victims was 22.63 T 11.06 years. The majority of the victims (87.33%) were male. Among the circumstances leading to electrocution, most of them occurred in factory and in the street. Considering the contact details, deaths were caused most frequently by touching electrical wires (n = 27, 38.02%), followed by touching charged machine (n = 20, 28.17%). There were no suicide and homicide cases. Of all electrocution cases, 50.70% occurred during the summer period from June through August. The upper extremity was the most frequently involved contact site (59.72%). No electrical burn marks were present in 14 cases (19.72%). Our results indicated that most deaths from electrocution occur more often in factories, in summer seasons, and to young male workers, which can help in the development of a differentiated strategy for the prevention of electrocution, while taking into consideration sex, age, occupation, and season of the year.
E lectricity is a ubiquitous energy agent and an integral part of the modern society, to which many workers in different occupations are exposed daily in the performance of their duties. 1 Electrical burns are responsible for considerable morbidity and mortality. 2 The severity of the injury mainly depends on the amount of current flow, voltage, and resistance of the body. As explained by Ohm law, current is directly proportional to voltage and inversely proportional to resistance of the body. Other factors that influence the electrical injury are type of current, current pathway, and duration of contact with an electric source. 3 Accidental electrocution occurs frequently, with a high percentage of incidents resulting in death caused mostly by lowvoltage electrical current (electrocution). 4Y8 China is the world's most populous country with 1.3400 billion at the end of 2010, one-fifth of the world's total, and its installed capacity and power generation output are the second largest in the world's electricity industry following the United States. Although electrocution occurs at times, there are few reports about electrocution-related mortality, and the features of low-voltage electrical current electrocution remain insufficiently studied. For the purposes of prevention and limiting the cases of illness and death caused by low-voltage electrical current, certain data are needed. The purpose of this research was to present a quantitative characteristic of epidemiological data describing low-voltage electrocution.
MATERIALS AND METHODS
This study investigated low-voltage electrical fatalities that occurred in Guangdong province of China over a 10-year period (2001Y2010) using retrospective review of autopsy reports from the Department of Forensic Pathology, Zhongshan School of Medicine, Sun Yat-Sen University. We examined manually 3370 autopsy reports and their relevant forensic medical files. Of these, 71 cases of electrocution were identified. Victims of lightening were not included into the study. The cases were evaluated including items of age, sex, type of electrical marks, body region distribution, place and month of occurrence, contact details, and the manner of death. The statistical analyses were carried out with the application of SPSS 19.0 software (IBM Corporation, Armonk, NY). Continuous data are expressed as mean T SD. The W 2 test was used to assess the significance of differences between groups. A probability value of less than 0.05 was considered statistically significant.
RESULTS
Three thousand three hundred seventy autopsy reports from our department over a period of 10 years (2001Y2010) were reviewed, of which 71 low-voltage (G1000 V) electrocution cases were identified, which occurred from January 2001 to December 2010. All the cases were completely autopsied. Apart from electrical marks, no other serious injuries and diseases were encountered, although resuscitation injuries and trivial ''collapse'' marks were very common. None of the victims appeared to have suffered significant bony injury as a result of the electrical shock. The cases represented approximately 2.11% of all autopsied cases received from our department. Table 1 provides the frequency of electrocutions by the year of death. The age range of all electrocution deaths in the study period was 3 to 57 years with a mean age of 31.77 T 11.0 years. The average age of male victims was 33.08 T 10.77 years, and that of female victims was 22.63 T 11.06 years. The majority of the victims (n = 62, 87.33%, P G 0.001) were male, and male-female ratio was 6.89:1 ( Table 2) . Of all cases, 66 (92.96%) were dead on arrival at hospital, and 5 (7.04%) died during treatment within 24 hours.
Among the circumstances leading to electrocution, places of occurrence were investigated. Table 3 shows places of injury occurrence. Thirty of them (42.25%) occurred in factory, 13 (18.31%) in the street, 10 (14.09%) at home, 8 (11.27%) in river while fishing, 5 (7.04%) in shops, 4 (5.63%) on farmland, and 1 (1.41%) in school. Among the 30 deaths that occurred in a factory, 10 (14.08%) were welders, 6 (8.45%) were builders, 5 (7.04%) were decoration workers, 3 (4.23%) were automobile repairmen, 3 were machinists, 2 (2.82%) were electricians, and 1 (1.40%) were polish workers, all of whom were work related. Considering the contact details, deaths were caused most frequently by touching electrical wires (n = 27, 38.02%), followed by touching charged machines (n = 20, 28.17%). Table 4 shows the details of types of materials causing electrocution. There were no suicide and homicide cases; all of the fatalities were accidental.
The distribution of cases throughout the calendar year was quite uneven ( Table 5 ). The lowest number of electrocution cases was observed in February and March (n = 0, respectively) and the highest in July and August (n = 13, respectively). The summer season from June through August accounted for 50.70% (n = 36) of all electrocution deaths caused by lowvoltage electrical current.
Of the 71 cases, electrical burn marks were detected in 57 cases (80.28%), and 14 (19.72%) cases had no electrical lesions. Some cases were inflicted on many parts of the body. Table 6 shows distribution of electrical burn marks by number and relative share according to location of the body. The upper extremity was the most frequently involved contact site (n = 43, 59.72%).
DISCUSSION
Electrocution is an uncommon cause of death and occurs commonly due to accidental injury. 9, 10 Electrocution deaths cause approximately 1000 deaths each year in the United States. 11 There was no previous study about electrocution deaths in China, and the exact number of electrocution deaths each year was unknown. Our study showed that these deaths were found to account for 2.11% of all autopsied deaths in our department with a mean age of 31.77 T 11.0 years, and 87.33% of cases were male. There were no suicide and homicide cases; all of the fatalities were accidental. Suicides are relatively uncommon, and homicides extremely rare. These results were similar to those previously published articles done in other countries. 1, 2, 8, 12, 13 However, higher rates of suicide by electrocution were reported by Karger et al. 14 Electrocution is overwhelmingly seen in young and middle-aged men, probably a reflection of the fact that men are more commonly employed in industries at risk from electricity.
Death due to electrocution involves both low-and highvoltage currents, and most of the deaths are due to lowvoltage currents used in houses and industries. Low-voltage currents can cause a variety of cardiac abnormalities including sudden cardiac death. Recently, we have found that a significant reduction in Purkinje fiber was displayed in the electrocuted rats. 15 The expression of connexin 43 was significantly reduced, and the expression of both angiotensin II and endothelin 1 was significantly increased after fatal electrocution. 16 The type of power system used in our country is an AC 220 to 240 V, 50 Hz. Most studies have shown a preponderance of low-voltageYrelated deaths. 1, 8 Similarly, all of the electrocution deaths in our study are low-voltageYrelated deaths. The reason for this may be that highvoltage electrical current causes severe burn injury, and autopsy need not be performed to determine the cause of death. Among the circumstances under which electrocution occurred, factory injuries (work related, 42.25%) prevailed in our study. Electricity-caused occupational injuries were determined by certain authors to vary in a wide range from 26.47% to 81%. 17Y20 The most comprehensive study ever conducted in the United States has shown that electrocution continues to be a major cause of death among workers, because workers and their employers do not recognize the importance of safety training and implementing safe practices. 21Y24 With respect to the deaths that occurred in factories, our results showed that welders, builders, and decoration workers seemed to be more vulnerable to electrical injury and result in more deaths. These may be explained by the fact that many more workers are engaged in such kind of work under more unfavorable circumstances because those workers are often employed by private small industries.
Considering the location of electrical burn marks, we found that the upper extremity was the most common site involved (n = 43, 59.72%), which was similar to previous studies by other authors. 13, 25 In our study, electrical burn marks were detected in only 57 cases (80.28%), whereas there were no electrical burn marks in 14 victims (19.72%) who died of electrical shocks in water or moist places. Because water lowers both the skin resistance and the density of electrical current, no burn marks would be expected in these cases. These results are partly similar to the findings of other studies. 2, 8, 26 The summer season from June through August accounted for 50.70% of all electrocution cases in our study, compared with even higher rates of summer deaths reported by Fatovich 10 (62.7%) and
Rautji et al 13 (74%) . This may be attributable to increased sweating in the summer, which decreases skin resistance and increases current flow through the body. 26, 27 From the data of our results and others, we can illustrate that electrocution fatality caused by low-voltage electrical current occurs more often in factories, in summer seasons, and to young male workers. Further investigations must focus on more detailed information on electrocution hazards or other measures necessary for working around energized conductors and equipment. Continued vigilance with respect to safety training and diligent enforcement of existing safety regulations are needed, particularly in small industries, to increase workers' and employers' conscious understanding of the lethal potential of electricity and adherence to these regulations. 22 
